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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer.So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

CLAIMS 
[Claim(s)] 

[Claim 1] The manufacture method of the ferroelectric thin film which is equipped with the following and 
characterized by performing one [ at least ] process of the aforementioned heat-treatment process and a 
sintering process, impressing electric field. The process which applies this solution on a substrate after 
adjusting the solution of the metal alkoxide for ferroelectric thin film formation. The process which leaves in 
the aforementioned substrate fixed time **** air, and is understood an added water part. The process which 
heat-treats the aforementioned substrate so that the alcohol and the remains moisture which were 
generated by hydrolysis may be removed. The process cooled and sintered to a room temperature after 
crystallizing this heat-treated substrate and carrying out fixed time maintenance at required predetermined 
temperature. . 
[Claim 2] The manufacture method of a ferroelectric thin film according to claim 1 that the electric field 
impressed are beyond the anti-electric field of the ferroelectric thin film generated. 

[Claim 3] The manufacture method of a ferroelectric thin film according to claim 1 that the electric field 
impressed are a direct current or an alternating current. 

[Claim 4] The manufacture method of the ferroelectric thin film according to claim 1 which sintering is 
performed at the temperature beyond a phase-transition point, and impresses electric field while applying a 
thermo cycle near the phase transition in the process cooled after carrying out fixed time maintenance. 
[Claim 5] The manufacture method of a ferroelectric thin film according to claim 1 that a ferroelectric thin 
film is expressed with the following formula, and moreover has the perovskite structure of tetragonal system 

In 03+qMeO, however an upper formula (Pb1+p-x Ax) (Zr1-y-z Tiy Bz) It is p= 0-0.2, x= 0-0.3, y>=0.58, and 
q= 0-0.05. A=calcium or Sr and Ba, B=Hf or Sn, Me=La, Y, Sm, Dy, Ce, Bi, Sb, Nb, Ta, W, Mo, Cr, Co, nickel, 
Fe, Cu, Th, U, Sc. Si, germanium and aluminum, or two or more combination are shown. 



[Translation done.] 



1 / 1 



2003/10/08 16:10 



http://www4jpdljpo.gojp/cgi-bin/tran.web_cgi.eiie 



* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] this invention relates to the manufacture method of a ferroelectric thin film. 

[0002] , ... 

[Description of the Prior Art] Conventionally, manufacture of a ferroelectric thin film is performed by the 
chemical methods, such as sol gel which uses the physical method and organometallic compounds, such as 
vacuum deposition, sputtering, and ion plating, as a start raw material, the MOD method (Metal Organic 
Decomposition : organic-metal part solution method), and CVD (chemical vapor growth). 
[0003] Also in a ferroelectric, the high compound of especially utility value is a general formula AB03. It is 
the perovskite type oxide of the tetragonal system expressed. For example, most typical PZT is Pb(Zr, Ti) 
03. It is usual although expressed. (Pb1+p-x Ax) (Zr1-y-z TiBz) With 03+qMeO, various substitution 
elements, and the additive, composition denaturation is carried out and it is used. This is for satisfying much 
specification, such as excelling the property covering many items in that there is it, little user specification, 
i.e., aging, that the temperature characteristic is good, and environmental capability, when this material is 
used for various electron devices, and the multicomponent for putting a ferroelectric in practical use is 
indispensable. . 
[0004] If the economical efficiency is also considered and combined as the membrane formation method 
suitable for such the actual condition, the sol gel (Sol-Gel) method is the optimal. The conventional process 
when producing a PZT thin film, using a sol-gel method is explained below, the feature of this conventional 
method — the solution of a metal alkoxide — mixed manufacture — carrying out — for example, (1) 
[0005] 
[Formula 1] 

OR OR 

I I 

— -0 -Zr-O-Pb-0 -Ti-0 -Pb-0 - •■• 

I I 

OR OR 

[0006] the process which refines ** alkoxide sol liquid with the said two-dimensional chain structure and (2) 

— the moisture in the process which carries out application membrane formation of this on a substrate by 
the SUBIN coat method, the dipping method, etc., and (3) air — an added water part — understanding — 
alcohol (R-OH) — generating — [0007] 

[Formula 2] 

I I 
... - o - T I - O - Z r-O-Pb 

I t I 

0 o - o 

1 I 

- O- Z r-O-Pb-O-T L 
I I 

0 - o o 

1 I I 

Pb-O-Ti-O-Zr-- 

[0008] ** — pass an amorphous state from the process (5) gel state made to secede from the alcohol 
which it begun to see, or remains moisture from the inside of a film in the process which forms the 
3-dimensional network structure [ like ] (gel), and (4) network structures — the process heat-treated at 
500 degrees C or more in order to make it into the BEROBUSU kite type crystal structure in crystallization, 
especially PZT — since — it changes 

[0009] Especially, although the oxide in the amorphous state where it was able to do in (4) in the 
heat-treatment process of (5) shifts to PUROBUSU kite structure through pyrochlore structure, at this 
time, in almost all cases, sintering of particle crystals progresses and polycrystal structure is taken. 
[0010] Although the upper part and a lower electrode are prepared in membranous both sides, actually using 
a ferroelectric thin film and it uses the hysteresis characteristic and pyroelectricity, and piezoelectric, it is 
necessary to be the crystalline in which C shaft carried out orientation towards desired uniformly for 
carrying out the maximum exertion of each property at this time. Then, by using as a substrate the single 
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crystal oxidisation magnesium (IVIgO^which uses as a front face the field which has a value very near [ as 
indicated by JP,59-01 7358,A ] the lattice constant of PZT which is the target product (100), the method of 
growing epitaxially carries out as a useful method, when creating a stacking-tendency thin film, and it is 
**********. Furthermore, although the method of usually impressing electric field in the thickness direction 
of a thin film, and pulling out the above-mentioned property is common when using for an electron device 
use, it is necessary to prepare an electrode in the front reverse side of the membranous thickness direction 
at it. In this case, if PZT which carried out orientation (100) of the target product, it is using platinum (Pt) as 
electrode material and carrying out orientation (100) of this platinum, and it is known that the same effect as 
the above will be acquired. 
[0011] 

[Problem(s) to be Solved by the Invention] However, matching of the purpose product, electrode material, or 
a substrate is required for these methods, and material selection is restricted. Moreover, it becomes an 
increase of about [ making a process highly and complicated ] and cost that the film which carried out 
orientation as a single crystal object or an electrode as a substrate is required. 

[0012] The method of performing, while heating a substrate in temperature of about 500-700 degrees C, 
using RF spatter as other methods of obtaining the ferroelectric thin film of a stacking tendency is also 
taken. The method using the same heating substrate is taken by the physical and scientific dry type 
forming-membranes methods, such as the CVD (ChemicalVapour Deposition) method which are other 
processes, vacuum deposition methods, and scientific gaseous-phase forming-membranes methods. This 
has complemented the crystallization energy for the particle which flies to a substrate forming the crystal 
structure. Although the ferroelectric thin film which has a certain amount of stacking tendency with the 
device of such substrate temperature is obtained, in a physical vapor deposition or a chemical vapor growth, 
the thing of a multi-element system like a ferroelectric thin film moreover formed, carrying out composition 
control of the oxide is very difficult. 

[0013] Then, it indicates about the manufacture method of the ferroelectric thin film composition control of 
the oxide of a multi-element system like a ferroelectric thin film excels [ thin film ] in a stacking tendency 
for the sol-gel method which can be performed comparatively easily. 

[0014] Attention has been paid to the lead omission according [ the conventional general heat treatment ] tc 
heat treatment by the case of a sill contest lead titanate (PZT). Heat-treating by using the sheath (pod) 
which heat-treats as closed mold as this cure, or advancing further, covering with the powder of a minium 
(Pb 304) into this sealing sheath, and placing a thin film substrate on this has been carried out. These are 
the effective methods as a thing to which prevent Pb omission by heat treatment and composition is made 
to guarantee. 

[0015] this invention was made in consideration of the above-mentioned situation, and aims at offering the 
method of manufacturing the ferroelectric thin film which is excellent in taking in a new device at a heat 
treatment process at a stacking tendency. 
[0016] 

[Means for Solving the Problem] The thin-film-fabrication process which shows the former concept of this 
invention to drawing 1 is shown. 

[0017] First, the application solution of a metal alkoxide is adjusted and it applies on the substrate in which 
the electrode is beforehand formed by the spin coat method or the dipping method in this. Next, it 
understands an added water part in humidity air, and the 3-dimensional network structure (gel) is generated. 
It continues, temporary quenching of it is carried out at 200-300 degrees C, and alcohol and remains 
moisture are removed. Furthermore, the application solution of a metal alkoxide adjusted on it is applied, and 
temporary quenching is carried out through the still more nearly same process as the above. It pulls, it 
continues, and finally this baking is repeatedly performed until it becomes the thickness of a request of this. 
Here, this baking pays and carries out the temperature up of the sample into a furnace, taking in the method 
of a composition guarantee, as explained above, at the temperature of 500 degrees C or more, carries out 
fixed time maintenance and anneals it to a room temperature. It carries out at this time, impressing electric 
field in the thickness direction of a ferroelectric thin film in the process to heat. In addition, electric field are 
considered as a direct current or an alternating current, and the size is made into beyond the anti-electric 
field Ec of the ferroelectric thin film generated, or a saturation electric-field Ea grade. 

[0018] Since the directions of polarization are C shaft orientations, they can make the orientation of the C 
shaft carry out in the direction of a normal of a substrate uniformly by impressing electric field in the 
membranous thickness direction in the case of crystallization, if it is the perovskite type ferroelectric which 
carries out orientation to the [100] directions of tetragonal system as a ferroelectric thin film. 
[0019] 

[Function] According to this invention, the stacking tendency of the ferroelectric thin film which forms 

membranes with a sol-gel method even if it makes into a ground neither a special substrate nor the 

electrode layer selected especially can be improved. 

[0020] 

[Example] 

(Example 1) . 
[0021] this invention is explained based on the fundamental flow chart shown in drawing 1 by making the 
manufacture method of purpose oxide ferroelectric Pb(Zr0.53Ti0.47) O3+0.01 Nb02.5 thin film into an 
example. 

[0022] First, the single-crystal-silicon substrate Si (100) which formed the electrode layer of Platinum Pt by 
300nm of thickness by the conventional RF magnetron-sputtering method beforehand was used as the 
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substrate; ^ liquid of the, following combination; js ; adjusted. 

: : : "■«'"• Pb Diethoxy lead / Pb2 (OC twb : H5) ] 0.500 mols Zr : [ A tetrapod n PUTOKISHI zirconium /:Zr4,(OC 

four H9) ] 0.235 mols Ti : [ A tetrapod n PUTOKI city tongue / Ti4 (OC four H9) ] 0.265 mols Nb: PENTA n 
PUTOKISHI niobium / Nb5 (OC four H9) 0.010 mols Solvent: n-butyl alcohol (1)+i-propyl alcohol (2) partially 
aromatic solvent Concentration: 20wt% [0023] It is 1500rpm at a SUPUNNA coating machine. It applied and 
the paint film of 350nm of **** was obtained. It continued, this was left at the temperature of 25 degrees C, 
and 65% of humidity RH for 3 hours, and dryness and hydrolysis were carried out. Subsequently, the 
aforementioned substrate is put into a heat treatment tub, a temperature up is carried out to 60 degrees C 
by part for 1-degree-C/, and it is 0.1. It decompressed to atmospheric pressure, and held for 60 minutes, 
and generation alcohol (ethyl alcohol, n-butyl alcohol), the superfluous moisture and remains organic 
substance, etc. were removed completely. Furthermore, it sinters by introducing the atmosphere in a 
processing tub, carrying out a temperature up to 550 degrees C by part for 5 degrees-C/of programming 
rates as one atmospheric pressure, and holding for 60 minutes, cools slowly at a room temperature as it is, 
and is 1 micrometer of thickness. The PZT thin film was created. In addition, on the occasion of sintering, 
the direct-current electric field of size 50 kV/cm were impressed in the membranous thickness direction. 
Moreover, electric-field impression was performed all the time of process in which carry out a temperature 
up from a room temperature, and it cools slowly to a room temperature. As the method of electric-field 
impression, the electrode layer 2 on the substrate 1 beforehand prepared as shown in drawing 2 is used, and 
already, one side was put from the ferroelectric thin film 5 which processes what stuck the conductive 
sheet metal 4 on the insulating base 3, and generated electric field in the meantime. If there is no opening 
between the front faces of the ferroelectric thin film 5 and an electrode layer 2 in order to generate 50kV 
[/cm ] electric field since the gap which generates electric field by carrying out like this is only a part for 
the thickness of a ferroelectric thin film to impress substantially, in now, it is good 5V. 

[0024] In this way, in order to show the effect by having impressed electric field at the time of sintering, an 
X diffraction view is shown in drawing 3 . In addition, although (**) in drawing is a thing when (**) performs 
processing based on this example in the case of non-electric field, clearly, the (b) of the peak about (100) of 
PZT considered as a request is stronger, moreover it is sharp, and it turns out that it excels in C shaft 
stacking tendency. 

[0025] Although drawing 4 shows the basic form of the electrode pattern on a substrate 1 1 at the time of 
using application to memory as a target for a ferroelectric thin film using the hysteresis characteristic, it 
serves as the stripe-like electrode 12. When using it as memory, the same stripe-like electrode 14 is formed 
so that it may cross in the above-mentioned stripe-like electrode 12 on this through the ferroelectric thin 
film 13 further, and it may cross in the same stripe-like electrode 12, an electrode is chosen by the external 
change means, and electric field are impressed by making the crossing portion into a memory cell. Though 
the electrode layer on such a substrate has become stripe-like, since the portion of the ferroelectric thin 
film on an electrode 12 is used as memory, the same effect is acquired by applying electric field by the same 
means as the above at the time of sintering. 1 5 [ in addition, ] in drawing 4 — SiO, Si02, aluminum 203, and 
Si 3N4 etc. — from — it is the becoming insulating layer 

[0026] (Example 2) In this example 2, it considered as the alternating current electric field of effective field 
strength 50 kV/cm as electric field impressed at the time of sintering ( drawing 5 ). Impression of electric 
field was impressed in all times from a temperature up to cooling like the above. Frequency was set to 10Hz. 

[0027] According to the example 2, the same effect as an example 1 can be acquired, and also there are the 
still more nearly following effects. That is, it is sintered while polarization reversal is repeatedly performed bv 
impressing alternating current electric field, now and general formula AB03 If it is the ferroelectric which 
has the perovskite structure of the tetragonal system shown, polarization will occur because B4+ ion faces 
the 02-ion located in **** and is alike and displaces to C shaft orientations. Therefore, since it becomes a 
crystalline, easing the internal stress in a membranous sintering process, the crack by the thermal expansion 
coefficient difference with the substrate generated at the time of cooling etc. does not occur. Moreover, 
aging of strong dielectric characteristics decreases extremely from residual stress being removed 
fundamentally. Furthermore, if it carries out giving a thermo cycle near the phase transition temperature as 
shown in drawing 6 , after sintering in 550 degrees C (for example, 60 minutes) of fixed time, movement of 
an atom will be promoted and the effect of stress relaxation will go up further. 
[0028] 

[Effect of the Invention] The stacking tendency of the ferroelectric thin film which forms membranes with a 
sol-gel method even if it makes into a ground neither a special substrate nor the electrode layer selected 
especially according to this invention method, as explained in full detail above can be raised extremely. 
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Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

["Drawing 11 The flow chart of the manufacture method of the ferroelectric thin film concerning this 
invention. 

[Drawing 2] Explanatory drawing of the method of impressing electric field to the ferroelectric thin film 
concerning this invention. 
Drawing 31 X diffraction view. 

"Drawing 41 The perspective diagram of the ferroelectric random-access memory concerning this invention. 

"Drawing 5] Time-field strength property view. 

Drawing 61 Time-phase-transition-temperature property view. 

^Description of Notations] 

1 11 [ — A base, 4 / — 5 A sheet metal, 13 / — Ferroelectric thin film. ] — A substrate, 2, 12, 14 — An 
electrode, 3 
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